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Chapter 1 


The Periodic Table 


SCHR(>DINGER'S WAVE EQUATION AND QUANTUM NUMBERS 

Classical laws which Adequately, describe movement of macroscopic bodies break 
down the atomic level as a consequence of Hcisenberg's uncertainty principle: it 
is fundamentally impossible to know precisely the values of both the energy and 
position of an electron in an atom- Hence, since the electron's energy can be measured 
very accurately using spectroscopy, we can only have a statistical or probability, 
knowledge of its position. For submicroscopic species the wave characteristics 
described by de Broglic become important and a mathematical science developed by 
Schrodinger, called wave mechanics, must be used to describe their motion. 

Although solutions can be found to wave mechanical equations describing 
one-electron systems such as H, He* and Li^*, it has proved impossible to solve 
such equations for multi-electron atoms. The reader should realize that the orbitais 
described later in this chapter and used throughout chemistry are those calculated 
for the hydrogen atom: they are assumed to remain unchanged for all other elements 
in the periodic table. 

When writing the wave equation for the hydrogen atom, Schrodinger considered 
the electron as a three-dimensional standing wave and connected the wavefunction ^ 
to the total electronic energy £ by the expression 

where /i is the reduced mass of the electron and its polar coordinates are as shown 
in Fig. 1. Fortunately chemists do not need to understand this equation in order to 
use the results of its solution for £ and ^. The wavefunction, or orbital has no 
physical significance and hence we are unable to make a meaningful model of it. 
However, since ^ is an amplitude function, SchrSdinger, and Bom, suggested that 
measures Ihc intensity of the electron wave, and from this idea it has become 
common practice to describe an orbital in terms of a smcared-oul 'electron doud* 
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Chapter 6 


Group IIL Boron, Aluminium, Gallium, 
Indium and Thallium 


INTRODUCTION 

Among the Group I and II elemenis the ionization energies were found to decrease 
with increasing atomjc number; this i$ not the case in Croup III, where the ionization 
energies vary down the group in an apparently erratic way (Table 26 and Fig. 50). 
On closer inspection, however, it is seen that the inner electronic configurations of 
the Group III ejcmcnts are not identical; instead of a rare gas electron structure 
between them and the nucleus, the ns^np^ electrons of gallium, indium and thallium 
are outside a filled set of {n-})d orbitals and have what might be called a 'd^^ 
core'. The inner electron structure of thallium aUo contains fourteen electrons in the 
4f orbitals filled during the building up of the preceding lanthanide series of elements. 

The increasing effective nuclear charge and si2e contraction, which occur during 
the filling of d and f orbitals (sec Chapter 1), combine lo make the outer $ and p 
electrons of Ga, In and Tl more strongly held than would be expected by simple 
extrapolation from boron and aluminium. The drop in ionization energies between 
Ga and In mainly reflects the fact that both elements have an identical inner electron 
core and hence there is an expected decrease in electron binding at indium because 
its outer electrons are further from the nucleus. There is also gn increase in effective 
nuclear charge when progressing from left to right acw^ any given period and this 
is responsible (together with the above 'core effects') for the observed variation in 
first ionization energies which are in the order Group I < Group II < Group HI. 

TRIVALENT CATIONS 

The M^"" state for gallium, indium and tbaJiium will be energetically less favourable 
than Al^"^ because the high ionization energies of these three elements cannot always 
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alloy with silver and lin, galiium helps to form a suitable re- 
placement for amalgam in dental fiflings. Gallium is also used 
to solder nonmetaUic materials, including gems, to metals. 
Gallium arsenide can be used in a system for translating 
mechanical motion into electrical impulses- Synthetic super- 
conducting articles are prepared by making a porous matrix of 
vanadium or tantalum and impregnating it with gallium 
hydride. Gallium has given excellent results in a semiconductor 
for use in rectifiers, transistors, photoconductors, hght sources, 
laser or maser diodes, and refroeiating devices. 

Solid gallium looks bluish gt^y when exposed to the atmos- 
phere. Lkjuid gallium is silver white with a bright mirror sur- 
face The freedng point of gallium is tower than that of any 
metal except mercury (-39'C or -38°F) and cesium {28.5°C 
or 83.3T). Some properties of gaiHum are given in the table. 

Gallium is chemically sinrvilar to aluminum. It is amphoteric 
but slightly more acid than akiminum. The normal valence of 
gallium is 3-I-, and it forms hydroxides, oxides, and salts. 
Gallium bums in air when heated to 500°C (930°F). It reacts 
vigorously with boiling water, but only slightly in water at room 
temperature. The salts of galKum are colorless; they arc pre- 
pared directly from the metal, since purifScation of the metal is 
simpler than purification of the salts. 

Gallium forms low-melting eutectic alloys with several met- 
als, and Intermetalllc compounds with many others. All alu- 
minum contains small amoiints of gaUlum as a hamiless impu- 
rity* but intergranular penetration by larger amounts of gallium 
at sec {86'R causes catastrophic failure on loading. [w.D.Wi.1 

GaHstones Round, oval, or faceted concretions formed 
within the gallbladder from the salts and pignnent of bile. Such 
stones may also be formed in any of the bile ducts within or 
outside of the liver, but the incidence there is low compared to 
the number originating in the gallbladder. The occurrence of 
galbtones increases with age, and 20-30% of all elderly adults 
have one or more such stones. They are particularly common 
in women, blacks, and individuals with diabetes. Usuedly about 
the size of a pea or a marble, gallstones may be extremely tiny» 
or so large that a single stone completely fills the gallbladder. 
They may be composed solely of calcium, cholesterol, or biliru- 
bin, but usually represent combinations or mixtures of these 
three ingredients precipitated from supersaturated bile. See 
Cholesterol; Omlblaooek. 

Although the mechanism and reason for their fonmation is 
not clearly understood, the major predisposing factors are pro- 
longed retention of bile in the gallbladder, abnormal composi- 
tion of the bile (excessive amounts of cholesterol, bilirubin, or 
calcium), and infection. Passage of a gallstone through the 
ducts into thi duodenum usually produces severe pain, called 
biliary colic. Lodged in the distal portion of the common bile 
duct, a stone (tiay obstruct that structure produce jaundice 
and finally cirrhosis of the liver. Tlic most frequent complica- 
tion of galfetones is ch<.>!ecystitis. See Cioj-CYSTrre. IM.R.H.I 


Galvanizing The generic term for anu J 
nlques for appiylng thin coatings of tine to 
or finished products to protect the ferrous basi? 
rosion; more specifically, the hot dipping thati 
ticed with mild steel sheet arKi corrugated 
ping, molten zinc reacts with the steel to^ 
rinc-iron alloy. For marine use, magnesium is - 
An electrolytic process (also called cold oi ' 
trogalvanizing) is also used for wire, as well qs 1 
requiring deep drawing. An alloy layer does nta 
the snfKX>th electroplated coating does not flakel 
die. See Metal costings. 

Galvanomagitetic effects eectncal i 
nomena occurring when a current-^carrying co 
conductor is placed in a magnetic field. The < 
effects are closely related to the thermon 

THERMOMAOMEnC EFFECTS- 

Let the electric current density ; be trar^sverse t 
ic field H^, for example, along x, Then the fd 
verse-transverse effects are observed: (1) Hall < 
field along y. (2) Ettingshausen effect, a ten 
along y. Also ttic following transvcrse-longl^ 
observed: (3) Transverse magnetoresistance, , 
tential change along x. (4) Nernst effect, a ta. 
cnt along x. See Hall effect; ^4AGPfETORESI5TA^ICEll 

Let the electric current density ) be along H. * 
important effect is longitudinal magneto 
trical potential change along R 

Galvanometer A device for indicating \ 
currents. A^hough the deflection of a gatvanon 
current in the moving coil, the voltage in a d 
ducing this ctlrrent is frequently the quantity of 1 


suspension 
cQit (in backcfr 



magnet system J 


leveling knot>s 


Diagram of light-beam galvanometer (After O, 
M<t S. 0. Ross, Process Instruments and Ccnirots t 
2d ed.. McGrsw-Hfti, 1^74) 
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